Is Kinematic Analysis A Reliable Tool For Osteochondral Lesions Dynamic Evolution In Dog? by DASCĂLU, Roxana et al.
 133 
Bulletin UASVM, Veterinary Medicine 68(2)/2011 
pISSN 1843-5270; eISSN 1843-5378 
 
 
Is Kinematic Analysis A Reliable Tool For Osteochondral Lesions Dynamic Evolution In 
Dog?  
 
Roxana DASCĂLU1, Mirela TOTH-TASCAU 2, Larisa SCHUSZLER1, Marius SABĂU1, 
Karol MENYHARDT 2, Calin LUCA 1, Cornel IGNA1  
 
1University of Agricultural Sciences and Veterinary Medicine of Banat, Faculty of Veterinary 
Medicine Timisoara, Romania; 2 “Politehnica” University of Timisoara., Romania 
dascaluroxana80@yahoo.com 
 
Abstract. Identification of locomotor changes induced by ostechondral lesions in the 
femorotibial joint in dogs.Movement of the femorotibial joint in dogs with osteochondral 
lesions showed a decreasing of both flexion and extension during the stance phase. 
Coxofemoral joint was characterized by increased move ent of the extension during the 
stance phase, especially from the mid-stance to the end of stance phase. The obtained data for 
Post-lesion dogs could be used for comparison with data obtained during/after the treatment 
of osteochondral lesions, to assess the possibility of normal motion recovery. 
 




In literature, gait analysis of the dogs was realized taking into account different types 
of walking (Hottinger et al., 1996) and trotting over ground (DeCamp et al., 1993), on a 
treadmill (Agostinho et al., 2011) and on stair ascent (Durant et al., 2011). Regarding the hind 
limb, kinematic analysis was used to study walking abnormalities associated with hip 
dysplasia (Bennett et al., 1996, Bockstahler et al., 2007), cranial cruciate ligament rupture 
(CCLR) (DeCamp et al., 1996, Tashman et al., 2004), and muscular dystrophy (Marsh et al., 
2010). 
Advanced research in the field of instrumented motion analysis uses the kinematic 
analysis as a standard technique to assess the rehabilitation of a certain diseased joint 
throughout various therapeutical procedures. The kin matic analysis is also used to evaluate 
the efficiency of CCLR treatment (Chailleux et al., 2007), joint functionality after the 
reconstruction of extensor mechanism, secondary to proximal tibial prosthetic reconstruction 
(Oddy et al., 2005) and assess the response of dogs with hip dyslasia to symptomatic 
treatment of osteoarthritis, using acupuncture (Bolliger et al., 2002). 
 
MATERIALS AND METHODS 
 
Six cross-breed dogs with an average age of 2.54 years, average height of 55.33 cm, 
and average body weight of 27.17 kg were involved in our experiment.  
All the dogs were considered to be healthy (without any orthopedic disorders), based 
on clinical and radiographic examination. 
 134 
Kinematic analysis of the gait was performed for the left hind limb, before (Pre-lesion 
group) and 14 days after the osteochondral lesions were surgically induced in the femorotibial 
joint (Post-lesion group). 
To identify the gait changes determined on hind limb joints by osteochondral lesions 
of left femorotibial joint, the excision of cartilage and subchondral bone from femoral lateral 
condyle was made using a chisel under general inhalatory anesthesia and strict aseptic 
conditions. 
Kinematic gait analysis was realized using Ariel Performance Analysis System 
(APAS) on Motion Analysis Laboratory of “Politehnica” University of Timisoara. The APAS 
System was used to collect video data from 2 station ry Panasonic video cameras, having 3.1 
Megapixels. The two video cameras used for motion capture allowed the sequencing of the 
consecutive frames with a sampling rate of 60 Hz.  
 To perform the gait kinematic analysis, a number of 5 markers were attached on the 
skin on specific landmarks on the left hind limb, designated as anatomical reference points by 
various authors (Bennett e al., 1996, DeCamp et al., 1993, Hottinger et al., 1996). Markers 
were placed on the animal limb in special points representing the joint axes of the hind limb. 
The selected points are: the iliac crest, great trochanter of the femur, femorotibial joint 
between the lateral epicondyle of the femoral and fibular head, lateral malleolus of the distal 
tibia, and distal lateral aspects of the fifth metatarsal bone. Markers were automatically 
tracked by the system’s software to be represented as points in 3-D space. After automatic 
tracking and 3-D conversion, each marker had its own positional data in Global Coordinate 
System (GCS).  
The dogs were allowed to walk on a leash at their own velocity along the established 
walking way inside the calibrated test space.  
This study aims a comparative analysis of flexion-extension movements in three 
particular joints (coxofemoral, femorotibial and tars l) of the left hind limb in two cases: Pre-
lesion dog group and after osteochondral lesion (Post-lesion dog group). There were 
performed five valid trials for each dog, each trial consisting in three recorded strides. The 
recorded data were processed and the results (flexion-extension angles and angular velocities) 
were analyzed for each particular joint of the lefthind limb, both for Pre- and Post- lesion 
groups. 
The mean values (curves) of joint angles and angular velocities were determined for 
dog group (Pre-lesion and Post-lesion dog group) using polynomial interpolations. 10-order 
polynomial functions were used for each studied joint (coxofemoral, femorotibial, and tarsal, 
both for Pre-lesion and Post-lesion group).  
Based on these functions, there were calculated the flexion-extension angles for each 
percent of the stride, for each studied joint. These data were used to perform both a global and 
local comparison of the differences between each considered pair of curves (Pre-lesion/Post-
lesion). 
The means of values of flexion-extension angles in each studied joint determined 
during the performed trials were compared between th  two groups by use of an unpaired t-
test. Values of p < 0.05 were considered statistically significant, while values of p > 0.05 
indicated no difference between the groups. 
 
RESULTS AND DISCUSSIONS 
 
Coxofemoral joint angles and angular velocities – The pattern of flexion-extension 
movement in coxofemoral joint was characterized by a period of slow extension during the 
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early stance phase, followed by a rapid extension initiated in the mid-stance phase. Rapid 
flexion has been occurred during the initial swing phase, followed by extension in terminal 
swing phase. Also, an extension followed by a slight flexion at the beginning of the stance 
phase has been occurred. Significant differences of joint angles, between the two groups (Pre-
lesion/Post-lesion), described by an increasing of extension from the middle to the end of the 
stance phase (e1) (p < 0.05), in the Post-lesion dog gr up were observed (Fig.1). 
 
 
Fig.1. The comparison of flexion and extension angles average between the two study groups 
for coxofemoral joint (the continuous line - Pre-lesion group, the dashed line - Post-lesion 
group) 
 
Compared with Pre-lesion group, the joint angular velocity in the Post-lesion group consisted 
in a peak in the mid-stance phase (Fig. 2). Significant differences can be observed in curve 
shape describing the velocity pattern during the stance phase. The maximum values of 
extension angles and angular velocities during the stance phase are greater in Post-lesion 
group than Pre-lesion one. 
 
 
Fig.2. Graph of angular velocities of flexion and extension for one stride, as comparison of 
average between the two studied groups for coxofemoral joint 
 
Femorotibial joint angles and angular velocities - Joint angles in Post-lesion group, 
compared with Pre-lesion group (Fig. 3) were characte ized by significant differences during 
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the stance phase: decreased flexion during the stance phase both at the early (f1) (p < 0.05) 
and end stance phase (f2) (p < 0.05), and reduction of extension during midstance phase (e1) 
(p < 0.05). 
 
 
Fig.3. The comparison of flexion and extension angles average between the two study groups 
for femorotibial joint (the continuous line - Pre-lsion group, the dashed line - Post-lesion 
group, f1 – flexion in the early stance phase) 
 
Regarding the joint angular velocity of Post-lesion group compared with Pre-lesion group, the 
flexion was slower at the beginning of stance phase and faster at the end of stance phase. 
Also, the extension in terminal swing phase was slower compared with Pre-lesion group. The 
changes noticed for femorotibial joint are still almost negligible compared with Pre-lesion 
group (p > 0.05) (Fig. 4). 
 
 
Fig. 4. Graph of angular velocities of flexion and extension for one stride, as comparison of 
average between the two studied groups for femorotibial joint 
 
Tarsal joint angles and angular velocities – Joint angles were characterized by 
significant differences: the increased flexion in the beginning of stance phase (f1) (p < 0.05) 
and at the end of swing phase (f3) (p < 0.05); increased extension within the stance phase (e1) 




Fig. 5. The comparison of flexion and extension angles average between the two study groups 
for tarsal joint (the continuous line - Pre-lesion group, the dashed line - Post-lesion group) 
 
Although the joint angular velocity in Post-lesion group was characterized by slower 
flexion during early stance phase which changed to ex ension in mid-stance phase, extension 
movement was faster during the mid-stance compared with Pre-lesion group. Flexion in the 




Fig. 6. Graph of angular velocities of flexion and extension for one stride, as comparison of 
average between the two studied groups for tarsal joint 
 
On the chart that represents the tarsal joint angle there are two peaks of extension 
(each one at the end of each stride phase) like in other studies that have been approached the 
gait analysis of dogs (Hottinger t al., 1996). 
The pattern obtained for femorotibial joint during walking in the Pre-lesion group 
differs from that recorded by Hottinger et al. (Hottinger et al., 1996), who has noticed the 
presence of a single extension peak at the end of the swing phase in large dogs. 
Our results obtained for coxofemoral joint of healthy cross-breed dogs are similar to 
those reported for large dogs during walking (Hottinger et al., 1996), these researches 
indicating the presence of a single peak of extension at the end of stance phase, similar to 
cross-breed dogs. 
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The obtained data was validated by comparison with similar data presented by other authors 
for the same joint angles of healthy dogs. Our data present a larger dispersion of the 
individual values than similar data presented by other authors, but the mean values and curve 
shapes are almost similar. The variability of kinematic data obtained in this study for cross-
breed dogs can be attributed to conformation differences between individuals. These 
differences significantly influence the locomotion parameters and involve additionally 
difficulty in characterizing the normal gait. 
Arnold et al., (2005) also recorded the presence of variability in kinematic data 
obtained for healthy dogs. The authors have been reported the occurrence of significant 
differences for tracked kinematic parameters between r cordings of different subjects. 
Also, the variability of kinematic data obtained from the comparison of data of cross-breed 
dogs with those reported in other breeds may be the result of morphometrical differences 
between them. The need for many trials to assess th morphometrical differences within and 
between breeds of dogs in kinematic analysis is underli ed by several authors (Budsberg, 
2008, Gillette and Angle, 2008). 
Discrepancies between studies may be due to different techniques for data recording 
and analyzing.  
By comparing the kinematic data obtained in this study with those obtained for other 
diseases involved in occurrence of hind limb lameness in dogs, the purpose was to determine 
the extent to which osteochondral defects induce a different pattern of motion. 
Although the motion of femorotibial joint was characterized by an increase of flexion even in 
dogs with osteochondral lesions, in case of cruciate ligament deficiencies are more 
pronounced, being registered in different moments during the stance phase and in early swing 
phase (DeCamp et al., 1996). Both in dogs with osteochondral lesions and cruciate ligament 
deficiencies it was observed the lack of extension peak at the end of stance phase (DeCamp et 
al. 1996); in dogs with osteochondral lesions it was additionally observed the reduction of 
extension at the end of swing phase (DeCamp et al., 1996). 
In dogs with hip dysplasia, it was observed a more pronounced flexion during stance, 
also registered in dogs with osteochondral lesions, the same change being noticed during the 
early swing phase too (Bennett t al., 1996). 
Compared with dogs with osteochondral lesions, in dogs with muscular dystrophy it 
was found an increased extension movement of the femorotibial joint during the gait cycle 
(Marsh et al., 2010). 
Unlike dogs with osteochondral lesions where tarsal joints were characterized by an 
increased extension movement during the two phases of the stride, in patients with hip 
dysplasia has been found the increase of flexion move ent during the early stance phase, and 
the early and middle of swing phase (Bennett et al., 1996). Compared with dogs having 
cranial cruciate ligament deficiencies (DeCamp et al., 1996), in patients with osteochondral 
lesions it was additionally reported an increased extension movement during swing phase. 
If for the movement pattern of the coxofemoral joint of dogs with osteochondral 
lesions, the most significant increase of extension was observed from the middle to the end of 
stance phase, for pattern corresponding to dogs with hip dysplasia this movement increases at 
the end of stance phase (Bennett et al., 1996) and for one corresponding to dogs with cruciate 
ligament deficiencies appear during the whole stance (DeCamp et al., 1996). 
Regarding the coxofemoral joint angular velocity, if in the dogs with osteochondral 
lesion was reported a faster extension during the middle stance phase, in dogs with CCLR this 
is happened in the early stance (DeCamp et al., 1996), and in dogs with hip dysplasia in most 
of the stance phase (Bennett et al., 1996). The extnsion movement during the stance phase 
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changes more quickly into flexion during walking in both dogs with osteochondral lesion and 
those with CCLR (DeCamp et al., 1996). In dogs with hip dysplasia, it was additionally 
reported a change of flexion during swing phase, being faster in the early phase and slower in 
the middle phase of it (Bennett et al., 1996). 
Regarding the femorotibial joint angular velocity, unlike dogs with CCLR who 
presented a slower flexion during the stance phase (DeCamp et al., 1996), in those with 
osteochondral lesion it was obtained a slower velocity at the beginning of stance phase. In 
case of hip dysplasia has been reported, in addition to faster flexion during both phases of the 
stride, a faster extension on the middle of swing phase also (Bennett e al., 1996). 
Regarding the tarsal joint angular velocity, if in dogs with osteochondral lesions has 
been mainly noticed a slower flexion during the early stance phase, in dogs with CCLR a 
slower flexion in the same phase was found (DeCamp et al., 1996). If in case of osteochondral 
lesions the flexion happened more slowly in early swing phase, in case of hip dysplasia this 
happened more rapidly in the early swing phase and more slowly in the middle of this phase 
(Bennett et al., 1996). 
Osteochondral lesions experimentally induced, as well as CCLR and hip dysplasia, 
determine changes of the kinematic variables both in t e injured joint and other joints of the 
related limb. Although from kinematics data comparison have been reported some 
similarities, they overall differ. 
To reduce loading in femorotibial joint of dogs with osteochondral lesions, which 
increases from the contact point to the middle of stance phase, having maximum value when 
the limb is perpendicular to the ground, the dog will reduce the movement of this joint using 
mostly the tarsal joint and especially the coxofemoral joint. Additional extensions of tarsal 
and coxofemoral joints during the stance phase helpto maintain walk despite increased 




• Data obtained in this study can be used to compare the kinematic data obtained after 
various treatments of osteochondral lesions of the emorotibial joint.  
• Therefore kinematic analysis can provide an objectiv  tool to evaluate the rehabilitation of 
normal joint movements, due to its ability to identify fine changes in joint movements, 
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